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Abstract 
This paper brings forward the Single-Current-Based method which can realize the output power of the solar cell reach 
the maximum value within this period of time by controlling the current to maximum. The paper firstly elaborates the 
principle and the function of Single-Current-Based MPPT strategy, and then it includes the main design of DC-DC 
convertor, and the design of stepping PWM controller which base on the CMOS digital circuit hardware logical 
programming. Besides, the paper shows the experimental process and results in detail for the analysis of the 
feasibility of the system and shows its success on achieving the effect of Single-Current-Based method of the MPPT 
controlling system, which also shows the advantages from other maximum power point tracking strategies. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction  
Photovoltaic power has an important place in the worldwide strategy for renewable energy. It is always 
a hot spot to the technological research how to improve the efficiency of the photovoltaic power as the 
photovoltaic efficiency of the solar cell is restricted by the traits itself, effect from circumstance, and high 
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manufacturing cost but with low efficiency of energy conversion. The paper aimed at research on MPPT 
strategy of solar cell to improve the efficiency. 
There are several different algorithms of MPPT strategy, for instance, constant voltage method, perturb 
and observe method, incremental conductance method and fuzzy logic controlling method. Nevertheless, 
these methods own common deficiencies, which are required to monitor the current and the voltage 
simultaneously and also required to compute out the power of the cell. Besides, other deficiencies like 
complex algorithm, low tracking speed and high manufacturing cost take on in practice. The paper 
proposes a kind of unique MPPT strategy basing on the efficiencies listed above, and also particularizes 
the principle and system design of the MPPT strategy. 
2. The principle of MPPT by sole current measuring method 
2.1 The charge and discharge characteristic of Lithium-ion battery 
Photovoltaic arrays are often utilized to constitute the photovoltaic system battery with energy storage 
devices--secondary cell in practical applications, which used for power supply to the load. When there is 
strong sunlight during the day, photovoltaic arrays can convert luminous energy into electrical energy, 
which can not only supply electricity to load directly but also store superfluous electrical energy with 
charging of storage battery. When there is no sunlight during the night or the raining day, the output 
power of solar cells is zero, and the electrical energy would be supplied by storage battery. Lithium-ion 
battery is used as the storage battery for the MPPT system design in this paper. 
Relating to lithium-ion battery (nominal voltage is 4.2V, nominal capacitance is 1250mAh, operating 
voltage range is from 3.0V to 4.2V, final voltage is 3.0V), figure 1 shows voltage time curve of lithium-
ion battery when it is charged by 550mA constant current on the cell testing system which type is ZMˉ
7103[6]. 
 
Figure1.  The charging curve of single cell working at the current 550mA 
The voltage of the lithium-ion battery rises sharply but varies smoothly at preliminary stage, where its 
variable quantity of terminal voltage is merely 6.4mV in 16 seconds which makes the change being 
0.15% to the final voltage. As time goes on, terminal voltage tends to smooth, each terminal voltage of 
every 16 seconds changes only about 0.48 mV from 34 minutes lasting to 180 minutes, the change was 
only 0.01% to the final voltage. 
Experimental results show that digital products  start its voltage charge using trickle charging like 0.1C 
(about 100mA) charging, the  terminal voltage of lithium-ion battery changes about 0.25mV every 16 
seconds, compared to final voltage, its change is only 0.006%, which shows that the terminal voltage can 
be regarded as constant over time. Compared to solar changes, this change can be ignored. 
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2.2 Design on single current maximum power point tracking 
Based on the analysis above, terminal voltage of the lithium-ion battery is almost constant relating to 
the changing energy of sunlight during a relatively short period of time in the process of charging, so the 
output of solar cell is designed as a current source. As long as controlling the output current, it can always 
at the real-time maximum power output, which is called the current-based maximum power point tracking 
strategy. 
 
 
Figure2. Principle sketch of the system 
Assuming that output voltage of solar array is Ui, then the output current is Ii, based on the output 
current of DC-DC converter for current monitoring is I0, the terminal voltage of battery is U0, the output 
power of solar array is Pi, and the output power of DC-DC converter is P0, then the conversion efficiency 
of DC-DC converters Ș could be: 
 
         KK 000 IUPPi                㧔1㧕 
The terminal voltage U0 of the battery remains constant during a short period of time, tracking and 
controlling I0 to reach the maximum point max0I  during this period, then the output power Pi of DC-DC 
converters would achieve to the maximum. 
 
KK max00max0max IUPPi      㧔2㧕 
When the voltage changes, it can be regarded as constant within a certain period of time. Therefore, 
MPPT can be achieved to make the output power of the solar cell reach the maximum value within this 
period of time by controlling the current to maximum. 
3. Design on the system of current-based maximum power point tracking 
3.1 The basic structure of the system 
The lithium-ion battery is charged by the electrical energy which is modulated by DC-DC convertor 
from the output of photovoltaic arrays, as figure 3 shows. The stepping PWM wave generator takes and 
compares the samples from the input electricity of lithium-ion battery periodically, and then outputs the 
corresponding PWM wave, so as to drive the DC-DC convertor to output maximum current to achieve the 
maximum power point tracking. The current-based maximum power point tracking system is divided into 
four module, they are photovoltaic array module, DC-DC module, current monitoring module and 
stepping PWM wave generator module. This article focuses on the current monitoring module and the 
stepping PWM wave generator module as the key point of the system design. 
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Figure3. System integral diagram of MPPT 
3.2 Design on DC-DC convertor 
DC-DC convertor in the MPPT controller of PV systems designed as boost topological structure, such 
efficiency of boost converter can be higher than other that of topological convertors [7]. Besides, it can 
achieve the maximum charging effect using minimum number of photovoltaic arrays. Experimental 
design on the circuit of Boost converter is shown in Figure 4. 
  
Figure4. Circuit diagram of boost convertor 
Boost convertor is mainly constituted by switch T, energy storage inductor L, diode D, and also filter 
capacitor C. There are two operating modes of the boost converter, which are the continuous current 
mode of the inductor, and the discontinuous current mode of the inductor, both of which are operating 
within the switching period [8]. Since the output current of discontinuous mode ripples so serious that this 
mode is not conducive to monitoring and controlling the electricity. Hence, the continuous current mode 
is selected. 
The choice of the Inductance value is of great importance. Therefore the general inductance value is 
selected according to the following equation: 
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According to equation (3), V0 is the output voltage, Ts is the switching period, I0 is the output current, 
D is the duty cycle of switch conduction. 
According to specified limit value of ripple voltage V0, the capacitor value C is required to be the 
value following the equation below: 
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3.3 Design on system of electricity monitoring 
Hall current sensor is often used to achieve current monitoring, but this method is costly and it requires 
large driving voltage. Therefore, the current monitoring system shown in Figure 5, which is in order to 
reduce the cost and also achieve accurate detection before and after the current change. 
  
Figure5. Circuit diagram of the current monitoring device 
In the system, design on high-precision current control is chose to convert the current to be a voltage 
detection, and analog switches and energy storage capacitors are used to realize the comparison between 
the before and after currents. During the  on-period of analog switch, the capacitor stores previous energy; 
during the off-period of analog switch, the comparator will compare the two before and after output 
voltage and outputs the corresponding status signal, according to which PWM controller can process real-
time control of corresponding duty cycle. Consequently, the detected voltage would be amplified to 
realize the comparator to achieve a more accurate comparison between the before and after voltages for 
the voltage amplification. 
3.4 Design on stepping PWM controller 
Stepping PWM controller is the core of the system. PWM controller is generally designed by complex 
software, but this kind of method is vulnerable to interference and also not conducive to make the 
integrated chip. This article proposes a kind of CMOS digital circuits based on hardware logic 
programming to design a novel stepping PWM controller, in order to increase the reliability while 
achieving a low voltage start, as specific principle structure is shown in Figure 6. 
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Figure6. Principle sketch of stepping PWM controller 
Figure 6 shows U1 mainly realizes a hexadecimal counting which would trigger U4 to output high 
level when U1 overflows; while U1 overflows, the counter U2 loads preset number and starts counting 
from the preset number triggered by inverter U5, When U2 overflows would trigger U4 to output low 
level. U4 would output PWM wave of different duty cycle   by changing the preset number of U2, as 
shown in Figure 7 (a). 
In order to realize more sophisticated duty cycle changes of stepping PWM controller, experiment 
proves that charge current of the lithium-ion battery begins to increase when the duty cycle is more than 
50%, so square wave of 50% duty cycle is designed to breakdown16-step, which allows the change of the 
duty cycle for each step of more sophisticated, as shown in Figure 6. After the clock pulse frequency of 
1M is divided by 16, then square wave of 50% duty cycle is outputted and its output frequency which is 
31.25KHz after divide by 2. The square wave joints the square wave from U4 which duty cycle is 
constantly stepping and its output frequency is of 62.5KHz by or-gate, then constantly duty cycle of 
stepping PWM duty cycle wave which frequency is 31.25KHz would be attained,  specific timing 
diagram is shown in Figure 7 (b) below. 
 
a. Sequence diagram of the output PWM from U4 
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b. Sequence diagram of precise PWM controlling 
Figure7.  Sequence diagram of the output PWM 
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In the system, preset number in U2 is controlled by counter U3 to achieve automatic control. From 
preceding analysis, the current monitoring module would output appropriate control level based on the 
change of the before and after charge current in lithium-ion battery. High level lets the preset number of 
U3 plus one, and low level lets the preset number of U3 minus one. In this way, the PWM generator 
would output pulses of different duty cycle based on the change of before and after current, to ensure that 
the charging current to be the maximum at all times, as timing diagram shown in Figure 8. 
 
Figure8. Sequence diagram of the changing preset number 
4. Experimental results and analysis 
In order to facilitate the debugging and improvement of the system, which is combined with output 
characteristics of solar cell, DC power supply with variable resistance is used to simulate the output of 
solar cells. 
In order to verify that MPPT controller can realize self-optimization, for the same boost converter 
circuit, we use measured data which duty cycle is manually adjusted by function generator, to compare 
with measured data which is processed by MPPT control, circuit diagrams and results are as follows: 
Table1. Comparison of duty ratio between manual regulation and MPPT supervisory control 
 
a. The relationship between duty ratio and current real-time controlling by MPPT controller 
 
b. The relationship between duty ratio and maximum current controlling by hand with different internal resistance 
Table 1(a) data shows the relationship between duty cycle and real-time current at the situation of 
different internal resistance. Table 1(b) shows when the function generator outputs the PWM signal to 
drive the boost converter, the optimum relationship between duty cycle and real-time current at the 
situation of different internal resistance during the process of duty cycle changing slowly. 
We can conclude by comparison that, current-based MPPT controller can achieve self-optimization 
compared with the manual adjustment of the duty cycle. When the resistance changes, the stable duty 
cycle is always in the vicinity of the optimal duty cycle after adjusted by the MPPT controller, the 
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corresponding output current is also close to the manually adjusted maximum current. Therefore, current-
based MPPT controller can achieve maximum power point tracking. 
5.  Conclusion 
Basing on the shortages of current solar maximum power point tracking, the paper proposes a new 
maximum power point tracking control strategy: Single-Current-Based method of the maximum power 
point tracking strategy. The strategy has the following main advantages: first, fast tracking speed; second, 
the strategy only traces a single parameter and there is no need to compute its power, therefore its 
processing speed is much faster; third, the strategy does not require voltage sensors and gets low cost, and 
does not require complex CPU controller; fourth, tracking method is simple and easy to implement; fifth, 
small chance of error; sixth, easy to implement modular controlling loop. 
The article analyzes the theory and design of MPPT control system, and proposes a novel kind of 
stepping PWM controller which is based on hardware logic program of CMOS digital circuit. The PWM 
controller does not require complex CPU controller, only using lower power CMOS devices, thus it is 
more reliable and more easily integrated to chips and much cheaper. 
By the way of increasing the DC-DC conversion efficiency and PWM frequency enable improvement 
for current-based MPPT system, and there would be considerable room for development for improving 
the efficiency of solar energy. 
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